of the spinal nerve, lumbar discectomy has become the established surgical procedure in cases in which conservative management fails to provide relief.
Although spinal fusion is routinely performed for lumbar instability or low-back pain associated with severe disc degeneration, it has been used for patients presenting with either a primary or recurrent lumbar herniated nucleus pulposus (LHNP) and this application has been described in the literature. Incorporating a fusion during a routine discectomy would increase the complexity of the case, prolong the surgical time, and potentially increase complication rates, without proven medical necessity. As indicated in the first generation of the Lumbar Fusion Guidelines, justification for fusion under these circumstances is lacking. 15 The purpose of this update is to examine the more recent literature investigating the role of fusion in the operative management of patients presenting with radiculopathy and/or back pain secondary to a LHNP. ). The search was restricted to the English language. This yielded a total of 74 references. The titles and abstracts of each of these references were reviewed, and papers not concerned with the use of fusion with lumbar disc herniations were discarded. References were identified that provided either direct or supporting evidence relevant to the use of fusion as a treatment for lumbar disc herniations. These papers were obtained and reviewed, and relevant references from the bibliographies of these papers were identified. Relevant papers providing Level IV or better evidence are summarized in the evidentiary table. Other papers providing supportive data are shown in the reference section.
Search Criteria

Scientific Foundation
Primary Herniated Disc With Radiculopathy
In the first generation of the Lumbar Fusion Guidelines, Resnick et al. examined the role of fusion for patients with radiculopathy and an LHNP.
15 The authors performed a literature review of studies of Level IV or better quality and determined that the routine use of fusion in conjunction with a disc excision for primary LHNP is not recommended. The outcome following decompressive surgery for a patient presenting with an LHNP and radiculopathy, whether primary or recurrent, has been demonstrated in numerous publications.
10,11
There are a plethora of studies reporting excellent results and outcomes for patients with primary disc herniations having decompressive surgeries without fusion, and many of these studies are Level I and II studies. [1] [2] [3] [4] 14, 17, [20] [21] [22] [23] This current review will examine the studies investigating fusion as compared with discectomy alone to determine if evidence exists for the addition of fusion in patients with primary disc herniation. Advocates for fusion during the index discectomy claim that stabilizing the segment may prevent late-onset instability and the development of chronic low-back pain. Although several studies have demonstrated that the occurrence of instability following discectomy is associated with less-favorable outcomes, the incidence is relatively low, and therefore routine fusion is not recommended.
15,16
Some of the studies used to support this recommendation in the past review were examined once again. Takeshima et al. performed a retrospective review of cases involving patients undergoing surgery for primary disc herniations. 19 Of 95 patients, 44 underwent discectomy alone (after 1990) and 51 underwent discectomy and fusion (between 1986 and 1989), with follow-up averaging 7 years and assessments using the Japanese Orthopaedic Association (JOA) rating scale. There was no statistically significant difference between the 2 groups (p = 0.31). This study provides Level III evidence that the routine use of a noninstrumented posterolateral fusion does not improve functional outcome in patients treated with lumbar discectomy. In another study, Donceel and DuBois reviewed a series of 3956 cases involving patients with disc herniations treated with either discectomy (n = 3670) or discectomy and fusion (n = 286). 6 They found that 70% of the discectomy-alone group were able to resume their preoperative work level at 1 year after surgery, compared with 45% of the fusion group. The authors noted that the fusion group tended to have more significant symptoms and more complex preoperative histories. This retrospective review provides Level IV evidence suggesting that the addition of fusion does not improve patient outcomes. There were no further studies found that compared discectomy alone to discectomy and fusion. This is likely due to the large number of studies demonstrating excellent outcomes without fusion in this patient population with an isolated LHNP.
Primary Herniated Lumbar Disc Associated With Low-Back Pain/Instability
Fusion has also been recommended for patients presenting with new-onset LHNP and radiculopathy in the presence of axial low-back pain or radiographic instability. The previous review concluded that there was Level III evidence to support the use of posterior fusion at the time of initial discectomy surgery in manual laborers or those with significant preoperative axial low-back pain. 12 They found that at the 1-year point 53% of the patients in the discectomy group and 89% of those in the fusion group were able to resume and maintain preoperative manual labor work activities. Although the discectomy patients did return to work earlier (12 weeks after surgery) than those in the fusion group (25 weeks after surgery), 22% of the discectomy group could not maintain their work activities due to "lumbar fatigue." These authors concluded that the addition of fusion should be considered in manual laborers, as it seems to provide a better chance of returning to and staying at their preoperative level of function. The paper is judged to provide Level IV evidence supporting the use of posterolateral fusion at the time of discectomy to improve return to work rates in patients involved in heavy manual labor work activities (see Table 1 ).
Eie reported on 259 patients with disc herniations who were treated either by discectomy alone (n = 119) or by discectomy and noninstrumented posterolateral fusion (n = 68).
7 At 6 years postsurgery, 76% of the discectomyalone group reported satisfaction compared with 85% of the fusion group. The discectomy-alone patients reported a significantly higher incidence of pain recurrence (27% of patients) compared with the discectomy plus fusion group (15% of patients, p < 0.01). This is another Level IV paper supporting the use of fusion at the time of discectomy, especially in patients with significant low-back pain, as they have a higher chance of having pain in later years without a concomitant fusion (see Table 1 ).
Newer studies reviewed since the prior recommendations were published support the use of fusion for patients with significant preoperative low-back pain and those with existing instability. Satoh et al. published a retrospective review of 174 cases involving patients with disc herniations treated with fusion and 177 involving patients treated with discectomy alone. 18 All patients had at least 5 years of follow-up. Fusion criteria included either a massive disc herniation, as defined by a complete myelographic block on a CT myelogram, or segmental instability, as defined by an anterolisthesis of greater than 3 mm with or without local kyphosis of more than 5° on a flexion lateral radiograph. Patients were assessed on a clinical outcomes questionnaire with a scale consisting of excellent, good, fair, and poor, which appeared to be a modification of Odom's criteria. Patients undergoing a fusion demonstrated significantly better outcomes with respect to low-back pain. The frequency of revision surgery was significantly higher in patients who did not receive a fusion, but met the criteria for fusion. Interestingly, those patients who did not fulfill the criteria for fusion but had a fusion surgery also had significantly better results in terms of low-back pain scores compared with those without fusions. The authors concluded with this Level IV study that patients with disc herniations and instability or massive herniations can be successfully treated with fusion at the time of primary discectomy.
Recurrent Disc Herniation
The previous Lumbar Fusion Guidelines concluded that reoperative discectomy is recommended as a treatment option in patients with recurrent disc herniations and radiculopathy.
15 For a first-time recurrence, this recommendation continues to be supported by more recent publications. Fu et al., in a retrospective Level III review, investigated the outcome in 41 cases of recurrent lumbar disc herniation. 8 In this study, 23 patients underwent a revision discectomy and 18 underwent a revision discectomy with posterolateral instrumentation and fusion. 8 The minimum follow-up for both cohorts was 60 months, and patients were evaluated using the JOA scores for lowback pain. The clinical outcome was excellent or good in 78.3% of the discectomy cohort and 83.3% of the fusion group. There was no significant difference in clinical outcome parameters between the 2 groups including lowback pain scores, but intraoperative blood loss, length of surgery, and length of hospitalization were significantly less in the nonfusion group. This study provides Level III evidence that in patients presenting with an isolated recurrent herniation with sciatica, disc excision alone without fusion is recommended. This study had very few patients lost to follow-up and was from a single-center with excellent longer-term follow-up.
Fusion at the time of revision discectomy has been more consistently recommended as a treatment option for patients with associated lumbar instability, radiographic degenerative changes, and/or chronic axial low-back pain.
15 This recommendation in the previous guidelines was based on several studies. Huang and Chen reported on 28 patients undergoing posterior interbody fusion (8 with recurrent disc herniations and 10 with low-grade spondylolisthesis). 9 These patients all had significant degenerative changes and some had spondylolisthesis. The average follow-up was 14 months, and all patients had pedicle screw fixation. Overall, 93% of the patients were satisfied with their condition, and 82% were considered to have achieved radiographic fusion. Of the 8 patients with recurrent disc herniations, 6 had excellent or good outcomes, and 2 had fair outcomes. In another study, Chitnavis and colleagues reported on a group of patients with recurrent disc herniations with symptoms of back pain or signs of instability, who were treated with posterior decompression and interbody fusion.
5 Of a total of 50 patients with 6 months to 5 years of follow-up, 92% improved after surgery and 90% were very satisfied with their results. This study provides Level IV evidence demonstrating good results with fusion in these patients with recurrent disc herniations with instability and/or axial low-back pain. There is a paucity of more recent evidence to support or refute the previous conclusions from the initial publication of the Lumbar Fusion Guidelines. The majority of these studies were case series and not comparative studies looking at discectomy alone versus discectomy and fusion.
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Summary
Based on the recent literature reviewed, there does not appear to be evidence to support the routine use of fusion at the time of an index discectomy operation. There remains conflicting Level III and IV evidence regarding the potential benefit of the addition of fusion in certain situations; however, the increase in morbidity, cost, and potential complications associated with the use of fusion are not justified in routine situations. Patients with demonstrated preoperative instability and significant chronic low-back pain in addition to radicular symptoms may be At the 6-mo follow-up, 89% of the discectomy-only pts & 88% of the fusion pts were satisfied. At the 6-yr follow-up, satisfaction rates were 76% vs 85% (NS). The rate of pain recurrence was much higher in the discectomy group (27% vs 15%, p < 0.01). Ability to maintain work at the preop status was 79% in the discectomy group & 86% in the fusion group at 6 yrs.
Results were similar at 6 mos, but fusion provided more stable relief of pain & maintenance of work function over prolonged follow-up.
Matsunaga et al., 1993
IV A retrospective review of 82 pts (defined as laborers) who engaged daily in work that repeatedly put large amounts of stress on their lumbar spine & 28 athletes. 81 pts had discectomy alone (microdiscectomy in 30 & percutaneous discectomy in 51); 29 pts had discectomy & fusion. The groups had similar demographics w/ a slightly shorter duration of Sx in the percutaneous discectomy group. Follow-up range: 2-7
yrs. Return to work at 1 yr: 75% in discectomy group, but 22% could not sustain work, leaving 53% in end; 89% in spinal fusion group; 58% in percutaneous discectomy group. Time to return to work: 9 wks for percutaneous discectomy, 15 wks for microdiscectomy, 25 wks for fusion. "Lumbar fatigue" given as reason pts w/ discectomy alone had to stop their work or change their jobs from manual labor.
Manual laborers do better after spinal fusion. The selection criteria for defining which pts are appropriate for fusion is unclear & validated outcome assessment was not used. The authors concluded that the results of fusion vs repeat discectomy alone were not significantly different, although there were slightly better results in the fusion group. Discectomy w/o fusion is recommended.
(continued)
candidates for fusion at the time of primary disc excision. Patients with recurrent disc herniations have been treated successfully with repeated excision as well as with excision and fusion. In patients with significant spinal deformity, instability, or associated chronic low-back pain, consideration of fusion is reasonable.
Key Issues for Future Investigation
The fact that fusion surgery is not required following a routine, index discectomy is well established, but further investigation to define various radiographic findings predicative of progressive disease would be very valuable. The utility of fusion for recurrent disc herniation remains controversial, and further investigation incorporating improved study design will be required to address this issue.
